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(54) Title: Silicon-Containing Organic Fluoropolymara and Use o£ th Same 

[English] 

(54) Title of the Invention: Silicon-Containing Organic Fluoropolymara and Usea 
Thereof [Japanese] 




(I) 



(57) Abstract 



[insert English abstract] 



(57) Abstract [Japanese version) 

This invention has the objective of providing novel silicon-concaining 
f luoropolymers applicable to a wide range of materials and which are of superior 
resistance to staining. The silicon-containing f luoropolymers of this mvencizn 
are represented by general formula (I) 




(wherein, Rf indicates a perf lujr g^^oup, Z indicates fluorine :: i 
crif luoromethyl group, a, b, c, J. ir.i e. ir.dependentLy, indicate 0 or an ir.t-f jer 

of 1 or greater, a + bi-Ci-d-ei3ac lease 1 or greater, the zz :-^r r 
repeating units parenthesized with juc:3crLpcs a, b, c, d and e is not li^.t-^i 

the formula, Y indicates hydrogen :r in ai:<yl group with 1 to 4 carbon az < 

indicates hydrogen, bromine or i.-Jir.e. R' indicates a hydroxy! group :r i 

hydrblyzable substituted group, R- .niicaces a xonovaLent hydrocarbon - 

indicates 0, 1 or 2, m indicates : 2 or 3 and n indicates an integer - 
greater] and have number average ---lecular weights of 5 x 10' to 1 x :r 
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Specification 

Silicon-Containing Organic Fluoropolymers and Uses Thereof 
Technological Field 

This invention relates to novel silicon- containing organic fluoropolymers that 
have not been described in the literature and to the uses thereof. In further 
detail, it relates to silicon-containing organic fluoropolymers of superior 
solvent resistance and resistance to chemicals and that are effective in 
preventing staining on the surfaces of various types of base materials and to the 
uses thereof. 

Background Technology 

It is known that various organic fluoropolymers comprised of perf luoropolyethers 
exhibit superior heat resistance and resistance to chemicals as well as unique 
functions such as water and oil repellency and low refractive indices and they 
are known as polymers having an extremely wide range of use and high added value. 

On the other hand, compounds having silane moieties as indicated by the general 
formula BSi (R) j.^ D^. [wherein, B is an organic residue that can react with organic 
compotinds such as polymers, D is a halogen or an alkoxy group, R is an alkyl 
group and r indicates 1, 2 or 3] are generally known as silane coupling agents 
and can be used as surface treatment agents of base materials. It is further 
known that polymers having them in their terminals can be hydrolyzed by water at 
room temperature and subjected to condensation polymerization and that they bring 
about cross-linking reactions, with hardening being effected [Encyclopedia of 
Chemical and Technology [sic], Vol. 12, pp. 464-569, 1970]. 

It is also known that attempts have been made to apply silane coupling agents to 
organic fluoropolymers, for example, f luorosilicones , copolymers of fluoroolef ins 
and vinyl silanes and a, u-bis (dialkylchlorosilyl) perf luoroalkanes [J. Poiym. 
Sci., Part-A, Vol. 10, No. 3, pp. 947-953]. 



C?^' Organic fluoropolymers containing vinyl silane compounds of this kind are 

.'J disclosed in Japanese Patent Application Early Disclosure No. 1-294709 [1939] . 

Because these substances exhibit water repellency and resistance to staini.-:g/ 
they can be used effectively, for example, for automobile exterior trim ind 
paints . 



Silicon compounds containing fluorine are disclosed in Japanese Patent 
Application Early Disclosure No. 5-339007 [1993] as examples of the application 
of this type of silane compound to organic fluoropolymers. These substances^ are 
characterized in that they have structures in which the aforementioned silane 
compounds are contained in perf luoropolyethers of organic fluoropolymers and in 
that they contain iodine with carbons bcr.ded to said silane compounds. Because 
these substances have low surface energy, they can be applied as raw rr.aterials 
for fiber treatment agents, releasing agents and soiling preventive mtmg 
agents . 

However, organic fluoropolymers containing silicon compounds that have been <r.zwn 
up to the present contain only one reactive silicon atom in their ter-r^mals 3o 
that their soiling preventive capacity is insufficient. The term G^iling 
preventive capacity refers to the property that dirt is not easily attac^.ei \nd 
to the property that attached dirt is easily eliminated by washing. 

Base materials such as metals, glass ind resins are commonly used in aut^-rc:Ie 
parts, OA equipment and household electrical products. Dirt that is : . . mng 
inside automobiles, inside offices and ir.dccrs and oleaginous substances tnat »re 
mixed in food products and machine -ila and that are difficult to wipe ott f^"-® 
attached to the surfaces of these base -aterials and they are also sci.ri by 
fingerprints during use, for which reascn a r.eans is necessary so that -r.ese 
stains do not become readily attache i and fcr preventing staining so that ims. 
once they become attached, can easily be removed. 
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A technology is disclosed in Japanese Patent Application Early Disclosure No.l- 
126244 1989] as a treatment measure for preventing staining of glass surfaces in 
which polymeric substances such as polydimethylsiloxane are applied directly to 
glass surfaces or in which a paint film is formed by immersing the surface in the 
treatment agent. A technology is also known whereby chemically adsorbed 
monomecular films containing fluorine are formed by chemical adsorption methods. 

A technology is disclosed in Japanese Patent Disclosure No. 7-53913 [1995] as a 
treatment measure for preventing staining of metal surfaces associated with 
organic composite plated steel plates in which a chromate coating comprised of 
a silica sol silane coupling agent is compounded in the top layer of a zinc 
plated coating and in which a thin film coating is formed on this top layer using 
an isocyanate paint composition. 

However, there is not sufficient stain preventing capacity against oleaginous 
staining substances with these types of conventional treatment measures. There 
is also the problem that fingerprints easily become attached to the surfaces of 
base materials that are touched by the fingers and are difficult to remove. 

Further, the effect is markedly decreased under the harsh conditions of outdoor 
exposure and is insufficient in respect to weather resistance. Moreover, 
expensive organic solvents containing fluorine must be used, for which reason 
there is a problem in terms of production costs. 

On the other hand, the surfaces of base materials that are used for moving 
objects including vehicles such as automobiles and trains, aircraft and ships and 
for structures such as houses are exposed to wind and rain during use. In 
regions of cold and snow, they are in contact for long periods with snow and ice 
during winter. In addition, in special facilities such as ice-cooled test 
installations and in household products such as refrigerators, some of the parts 
are exposed to extremely low temperatures and the water in water droplets and air 
becomes attached to the ice. 

When ice becomes attached to base materials of vehicles, it impairs their 
function. For example, in the case of windshields, accidents are caused as a 
result of vision being impeded. When ice becomes attached to parts of 
refrigerators, cooling efficiency is decreased and electric power is consumed and 
wasted. 

A technology is disclosed in Japanese Patent Application Early Disclosure 

No. 3-158794 [1991J whereby anti-clouding treatment is performed by forming a 

hydrophilic film. 

A technology is disclosed in Japanese Patent Application Early Disclosure So.i- 
126244 [1991] whereby a film is formed and water repellency is achieved by 
applying an organic silicone compound such as a polydimethylsiloxane direct 1/ to 
a glass surface or by immersing the surface in a treatment agent. 

Technologies are disclosed in Japanese Pacent Application Early Disclosure N'o.4- 
338147 [1992J and in Japanese Patent Disclosure No. 63-24554 [1988] whereby w :i-er 
repellency is obtained by forming i Jiliccn oxide film containing f lucr::a::<yl 
groups on a glass surface by the chemical adsorption method or the sol gel -^tnod 
using fluoroalkyl silane compounds. 

However, attachment of ice cannot be prevented effectively with anti-clcuding 
treatments by forming a water repellent film. Further, with methods in wr.ich 
films of organic silicone compounds are formed on glass surfaces, these f vl-s do 
not become bonded chemically with the glass, for which reason there is a high 
possibility that the films will peel off during use. Thus, they are r.oc of 
sufficient durability. Moreover, with --.ethods in which films of siliccn cxide 
containing fluoroalkyl groups are forr.ed on glass surfaces, there is suffi.ient 
durability but lubricity is not sufficient. Even when these technolcgi-?3 are 
used individually or in combinaticns and even when water repellency is .:ct lined, 
attachment of ice cannot be effectively prevented. 
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In the case in which attachment of ice is to be prevented, it is necessary either 
that ice not be formed on the surface of the material or that it be difficult for 
it to form. However, it is frequently extremely difficult to remove ice with a 
small amount of force once it has formed. In consideration of this fact, it is 
important to facilitate removal of ice once it has formed. Consequently' there 
is a desire for an ice attachment preventing agent that has an ice attachment 
preventing action that includes, in addition to an action of preventing 
attachment of ice, an action whereby ice that has become attached can be removed 
extremely simply. 

Glass, because of its transparency to light, its heat insulating capacity and its 
decorative characteristics, is used in a wide range of applications including as 
a building material for windows of houses, as a material for vehicles such as 
automobiles and trains and as windshields for ships and aircraft. Glass of this 
kind is used in places that are in contact with the exterior. It is exposed to 
rain and is frequently used under conditions in which it is in contact with 
seawater and polluted water. As in the case of front windshields of automobiles, 
there are also instances in which assuring visibility is indispensable as a major 
function. In order to maintain the transparency of glass to light, it is 
important that the glass itself have the property of repelling water such as 
rainwater that is attached to it (referred to in the Specification as "water 
repellency") as a function. 

However, in methods in which an organic silicone film is formed on the glass 
surface, said film is not chemically bonded with the glass. Therefore, there is 
a high possibility that said film will peel off during use so that it is not of 
sufficient durability. Further, with methods in which silicon oxide films 
containing fluoroalkyl groups are formed on the glass surface, durability is 
sufficient but lubricity and nontackiness are insufficient. For example, when 
they are used on the front windshields of automobiles, there is the problem that 
the wiper makes a tearing sound. 

Summary of the Invention 

The first invention, in the light of the aforementioned present circumstances, 
has the objective of providing novel silicon-containing f luoropolymers applicable 
to a wide range of materials and which are of superior resistance to staini.'-.j. 

Specifically, The silicon-containing f luoropolymers of this invention are 
represented by general formula (I) 



\ CP, A 
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[wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine or a 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c + d + eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
Che formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine, indicates a hydroxyl group or a 

hydrolyzable substituted group, indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n indicates an integer of 2 or 
greater] and have number average molecular weights of 5 x 10^ to 1 x 10*. 

The second invention, in the light of the aforementioned present circumstances, 
has the objective of providing a stain preventive base material of superior 
capacity to prevent staining by oleaginous staining substance, and, in 
particular, superior capacity to prevent staining by fingerprints. 

Specifically, the second invention is a stain preventive base material which 
forms a layer of organic f luoropolymer containing silicon as represented by 
general formula (Ix) below and which has a number average molecular weight of 
5 X 10' to 1 X 10' on the surface of the base material. 




Wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine .:r \ 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an ir.ceqer 
of 1 or greater, a + b + c^d^-eisac least 1 or greater, the crier :: 
repeating units parenthesized with jubscripcs a, b, c, d and e is not IiT?.tei 
the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon jt-ra. »: 
indicates hydrogen, bromine or i:iir.e, indicates a hydroxyl group jr i 

hydrolyzable substituted group, R- indicates a monovalent hydrocarbon gr--p. - 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n, indicates an integer zt l -r 
greater. 

The third invention, in the light of the aforementioned present circumscanres, 
has the objective of providing a -^cnod for Che surface treatment ct raje 
materials so that there is a sufficient soiling preventive action, so chat tnij 
action is permanent and so that chere is sufficient weather resistance. 

Specifically, the third invention is a T.echod of surface treatment c: LJj-i 
materials whereby a treatment sol-cion containing (1) an organic fluor:^ -^v^-r 
containing silicon as represented cy the if cr-rentioned general formula . - 
an organic solvent containing fl-cr:r.e ^r.d '.3) a silane compound [excepCLr.j tr.e 
organic f luoropolymer containing j-lucne il) as described above] is app.:-i to 
the surface of the base material. 
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The fourth invention, in the light of the aforementioned present circumstances, 
has the objective of providing a surface treatment composition for base materials 
having a sufficient soiling preventive action so that this action is permanent 
and having sufficient weather resistance and which composition is superior from 
an economic standpoint. 

Specifically, the fourth invention is a surface treatment composition which 
contains (1) an organic f luoropolymer containing silicon as represented by the 
aforementioned general formula (Ix) , (2) an organic solvent containing fluorine 
and (4) an organic solvent (excepting the organic solvent containing fluorine (2) 
as described above] . 

The fifth invention, in the light of the aforementioned present circumstances, 
has the objective of providing an ice attachment preventive agent that can 
effectively prevent attachment of ice. 

Specifically, the fifth invention is an ice attachment preventive agent that 
contains an organic f luoropolymer containing silicon as represented by the 
aforementioned- general formula (Ix) . 

The sixth invention, in the light of the aforementioned present circumstances, 
has the objective of providing glass of sufficient durability, surface lubricity 
and surface nontackiness and of superior water repellency. 

Specifically, the sixth invention is water repellent glass comprised of a layer 
of organic f luoropolymer containing silicon as represented by the aforementioned 
general formula (Ix) formed on the surface of glass. 



Detailed Disclosure of the Invention ' 

We shall now present a detailed description of the first invention. 

In the formula indicated by the aforementioned general formula (I) which 
constitutes the organic f luoropolymer containing silicon of this invention, there 
are no particular limitations on Rf as long as it is a perf luoroalkyl group chat 
ordinarily constitutes organic f luoropolymers . For example, it may be a straight 
chain or a branched chain substance having 1 to 16 carbon atoms. Preferably, it 
is CFj-, CjFs- or CjF,. 

Z in the aforementioned general formula (I) may be fluorine or it may be a 
trif luoromethyl group. 

The symbols a, b, c, d and e in the aforementioned general formula (I) irAizsze 
repeating units of the perf luoropoiyether chains that form the main skeleton of 
the organic f luoropolymer s containing silicon of the first invention. They are 
independent and there are no particular limitations on them as long as they are 
0 or integers of 1 or greater and as long asa+b + c^d + eis greater than 
1. However, they may be independent and of 0 to 200. When the number average 
molecular weight of the organic f lucrcpolymers containing silicon of the first 
invention to be described subsequently are taken into consideration, they ^r.ould 
be, independently, of 0 to 50. The value ofa^b + c^d + e should te : -.o 
100. 

The order of the repeating units parenthesized with subscripts a, b, c, i md e 
is recorded in the order in the af oremencioned general formula (I) for ::he ja:<e 
of convenience. In the light of ihe structure of ordinary perf luorcpo lye t.her 
chains, there are no particular 1 i.-nitat icns on the order of bonding of these 
repeating units. 

Y in the aforementioned general formula (1) indicates hydrogen or an alkyl jrrup 
with 1 to 4 carbon atoms. There are no particular limitations :n the 
aforementioned alkyl groups having : to 4 carbon atoms. For example, tn-^y :an 
be methyl, ethyl, propyl and bucyl jr^-^ps and they may be straight main jr 
branched chain. X in the aforementioned general formula (I) indicates hyrirt^^n, 
bromine or iodine. When X is brtrrme or iodine, the organic f luortp : . .--er 
containing silicon is of high radical reactivity, for which reason they -an ce 
bonded to other compounds by chemical bonding. 
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The symbol 1 in the aforementioned general formula (I) indicates the number of 
carbon atoms of the alkylene group that is present between the carbon atom of the 
terminal of the perf luoropolyether chain and the silicon atom that is bonded to 
it and should be 0, 1 or 2, and, preferably, 0. 

The symbol m in the aforementioned general formula (I) indicates the number of 
bonds of the substituted group that is bonded to the silicon that is present 
in the organic f luoropolymer containing silicon of the first invention and is 1, 
2 or 3 . is bonded to said silicon in the part in which the substituted group 
R^ is not bonded. 

The aforementioned R^ indicates an hydroxyl group or a hydrolyzable substituted 
group. There are no particular limitations on the aforementioned hydrolyzable 
substituted group and it may be, for example, a halogen, -OR^, -OCOR\ - 
OC(R^) =C(R*) 2/ -0N=C(R^)2 or -ON=:CR^ [wherein, R^ indicates an aliphatic 
hydrocarbon group or an aromatic hydrocarbon group, indicates hydrogen or an 
aliphatic hydrocarbon group having 1 to 4 carbon atoms and R^ indicates a 
divalent aliphatic hydrocarbon group having 3 to 6 carbon atoms] . Preferably, 
it should be chlorine, -"OCH, or -OC2H5. 

The aforementioned R* indicates hydrogen or a monovalent hydrocarbon group. 
There are no particular limitations on the aforementioned monovalent hydrocarbon 
groups. Preferably, it can be, for example, a monovalent aliphatic hydrocarbon 
group, for example, a methyl, ethyl, propyl or a butyl group. It may be straight 
chain or branched chain. 

The number average molecular weight of the organic f luoropolymer containing 
silicon of this invention is 5 x 10' to 1 x lOV When it is less than 5 x 10*, 
it does not have properties as a polymer, for which reason it is not usable. 
When it exceeds 1 x 10*, it lacks processing capacity, for which reasons it is 
limited to the aforementioned range. Preferably, it should be 
1 X 10^ to 1 X 10*. 

The essential aspect of the first invention lies in the number n in the 
aforementioned general formula (I). The symbol n in general foirmula (I) 
indicates the number of reactive silicon atoms that are contained in the organic 
f luoropolymer containing silicon of. the first invention. In the first invention, 
n is an integer of 2 or greater, when n is 1 or less, the staining preventive 
effect, which is the characteristic effect of the first invention, is not 
sufficient. Therefore, it is limited to 2 or greater. Although there are no 
particular limitations on the aforementioned n as long as it is .2 or greater, 
preferably, it should be an integer of 2 to 10. 

The organic f luoropolymer containing silicon of the first invention is obtained 
as a mixture by means of ordinary T.ethods of manufacture. The symbol g m the 
general formula (la) below indicates the number of reactive silicon atoms t^.at 
are contained in the organic f luoropolymer containing silicon of the first 
invention which is a mixture. If the mixture of organic f luorcpolvr.ers 
containing silicon of the first invention is 0 or an integer of 1 or greater, 
the average value of g in the mixture exceeds 1. When the average value zt 3 is 
less than 1, the staining preventive effect deteriorates when it is used is a 
staining preventive treatment agent. Preferably, the average value of 3 jr.culd 
be 1.3 to 3, and, preferably, 1.5 to 2.5. 
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\ CF, h 



HI (OCFjCFjCyj). / OCKFa\ (OCFj), 



• — (OCTaCFaHi — OjP — (CFj), /CH,— c 

Z 



Desirable examples of the organic f luoropolymers containing silicon of the first 
invention include, for example, substances as indicated by general formula (ID 
below. 




CjF,— (OCFaCFaCT:)p — 0— (CFjh-f CHi— C 




(D) 



[Wherein, p indicates an integer or 1 or greater and Y, X, R\ R', 1, m and n are 
the same as described above . ] 

Desirable mixtures of the organic f luoropolymers containing silicon of the first 
invention can include substances represented, for example, by general formuia 
(Ila) below. 



(lb) 



[Wherein, p indicates an integer or I or greater and Y, X, R', R'. 1, m and g are 
the same as described above.] 
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There are no particular limitations on p in the aforementioned general formula 
(II) and the aforementioned general formula (Ila) as long as it is an integer of 
1 or greater, however, it should be l to 200. when the number average molecular 
weight of the organic f luoropolymers containing silicon of the first invention 
is taken into consideration, it should be 1 to 50. 

The organic f luoropolymer containing silicon of the first invention can be 
obtained by introducing, for example, iodine into the terminal using 
perf luoropolyethers that are ordinarily sold commercially as the raw material, 
after which a vinyl silane compound as indicated, for example, the general 
formula below [wherein, Y, R\ R^ 1 and m are the same as indicated previously)! 
is reacted. 



T 



SI— (R^^ 



The. organic f luoropolymer containing silicon of the first invention can be used 
as ordinary sealants, sealing agents, paints and coupling agents and for house 
building materials and automobile parts. They can be used in base materials of 
optical lenses, eyeglass lenses, glass, metals, ceramics and organic materials 
for the objective of preventing surface staining. 

In using the organic f luoropolymers containing silicon of the first invention, 
for example, fine powder fillers such as silica, alumina, titanium oxide, carbon 
and cement, alkoxides of titanium, aluminum and silicon and fine powders of 
fluorine resins such as other low molecular weight polytetraf luoroethylenes and 
copolymers of tetraf luoroethylene/hexaf luoropropylene can be added as hardness 
regulators or extending agents. In addition, ordinary cross-linking agents can 
be added to effect regulation of hardness, 

A method in which the aforementioned organic f luoropolymers containing siliccn 
are applied to the surface of the base material can be used for the purpose zt 
forming a layer of the aforementioned organic f luoropolymer containing silicon. 
The aforementioned application method can be, for example, spray application, 
spin application, immersion application, roller coating application and gravure 
application. 

Application is facilitated by dilution with a solvent at the time of application. 
There are no particular limitations rn che solvents. For example, zhey -an ce 
a perf luorohexane, a perfluoro-mechylcyclohexane, perf luor:: - : . i - 
dimethylcyclohexane and dichlorcpentaf luoropropane (HCFC225) . 



We shall now present a detailed iescr;.?Cica of the second invention. 

The base materials that serve as ::he stain preventing base materials of the 
second invention can be, for exairpl-. glass, resin, metals, ceramics, -ccd, 
pottery, stone or leather. 

There are no particular limitations :n -^e anorementioned glass base macer;.ii is 
long as it is formed of various iVT-^s dc jl^ss. For example, it can be ..-i :a 
the surfaces of a show window, a --^rror, a water tank, window glass, a A.:^r.^s 
shelf or a glass case. 

There are no particular limitations :n zr.-i aforementioned resin material *r.J t'zzh 
natural resins and synthetic resins in used. The aforementioned :^J:^.ra. 
resins can include, for example, ^ell-ljse and lacquer. 



The aforementioned synthetic resins can include, for example, polyamide resin, 
polyacrylate resin, polyamidoimide resin, polyvinyl acetate resin, polyvinyl 
chloride resin, phenol resin, urea resin, melaraine resin, epoxy resin and 
polyester resin. 

There are no particular limitations on the aforementioned metals. They can be, 
for example, iron, zinc, lead, copper and aluminum. 

In the second invention, a layer of organic f luoropolymer containing silicon as 
represented by the aforementioned general formula (Ix) and having a number 
average molecular weight of 5 x 10' to 1 x 10* is formed on the surfaces of the 
aforementioned base materials. 

In the formula indicated by general formula (Ix) , there are no particular 
limitations on Rf as long as it is a perf luoroalkyl group that ordinarily forms 
organic f luoropolymers . For example, it can be a straight chain or branched 
chain substance having 1 to 16 carbon atoms, and, preferably, CF,-, CjFj- or CjF,. 

Z in the aforementioned general formula (Ix) may be iodine, and, preferably, a 
trif luoromethyl group. 

The symbols a, b, c, d and e in the aforementioned general formula (x) indicate 
the numbers of repeating units of perf luoropolyether chain that forms the 
principal skeleton of the organic f luoropolymer containing silicon of the second 
invention. They are, independently, 0 or integers of 1 or greater. There are 
no particular limitations as long asa + b + c + d + eis greater than 1. 
However, independently, it is preferable that they be 0 to 200. When the number 
average molecular weight of the organic f luoropolymer containing silicon of the 
second invention, to be described subsequently, is taken into consideration, 
independently, they should be 0 to 50. The value ofa + b + c+ d + e should be 
1 to 100. 

The. order of repeating units parenthesized with the subscripts a, b, c, d, and 
e is, for the sake of convenience, in the order in the aforementioned general 
formula (Ix) . In view of the structure of ordinary perf luoropolyether chains, 
there are no particular limitations on the bonding order of these repeating 
iinits . 

Y in the aforementioned general formula (Ix) indicates hydrogen or an alkyl group 
having 1 to 4 carbon atoms. There are no particular limitations on the alkyl 
groups having 1 to 4 carbon atoms. For example, they can be methyl, echyl, 
propyl or butyl groups and they may be straight chain or branched chain. X in 
the aforementioned general formula (Ix) indicates, hydrogen, bromine or lodme. 
When X is bromine or iodine, the radical reactivity of the organic f luoropolymer 
containing silicon is increased. This is advantageous for bonding with other 
compounds by chemical bonding. 

The symbol 1 in the aforementioned general formula (Ix). indicates the number of 
carbon atoms that are present in the alkyl groups between the carbon in the 
terminal of the perf luoropolyether chain and the silicon that is bonded to it. 
Its value should be 0, 1 or 2, and, preferably, 0. 

The symbol m in the aforementioned general formula (Ix) indicates the nurber of 
bonds of the substituted group that bonds with the silicon that is present in 
the organic f luoropolymer containing silicon of the second invention. Its v^Iue 
is 1, 2 or 3. R' is bonded to said silicon in the portions in whic.n the 
substituted group is not bonded. 

The aforementioned indicates an hydroxy! group or a hydrolyzable substituted 
group. There are no particular limitations on the aforementioned hydrolyzable 
substituted group. For example, it can be a halogen, -0R\ -OCOR\ -OC(RM-C aVj, 
-0N=iC(R^)2 or -ON=CR* [wherein, R* indicates an aliphatic hydrocarbon group cr an 
aromatic hydrocarbon group, R4 indicates hydrogen or an aliphatic hydrcc-irbon 
group having 1 to 4 carbon atoms and R* indicates . a divalent alip.'ratic 
hydrocarbon group having 3 to 6 jarbcn atomsl . Preferably, it shculi be 
chlorine, -OCHj or -OCjH,. 
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The aforementioned indicaces hydrogen or a monovalent hydrocarbon group. 
There are no particular limitations on the aforementioned monovalent hydrocarbon 
group. It may be, for example, a monovalent saturated aliphatic hydrocarbon 
group, such as, for example, a methyl, ethyl, propyl or butyl group and it may 
be straight chain or branched chain. 

The symbol n^ in the aforementioned general formula (Ix) indicates an integer of 
1 or greater. Although there are no particular limitations on it, an integer of 
1 to 10 is desirable for the purpose of achieving the objective of the second 
invention. 

The aforementioned n, indicates in integer in the general formula (Ix) . However, 
the organic f luoropolymer containing silicon of the second invention may also be 
present as a mixture of polymers indicated by the general formula (Ix) that have 
the integer n^,. When the organic f luoropolymer containing silicon is present as 
a mixture of this kind, the aforementioned n^ can be indicated as an average 
value in said mixture. When said organic f luoropolymer containing silicon is 
present as a mixture, the average value of n^, when the objectives of the second 
invention are taken into consideration, should be 1.3 to 3, and^ preferably, 1.5 
to 2.5. 

The number average molecular weight of the aforementioned organic f luoropolymer 
containing silicon should be 5 x 10* to 1 x 10^. When it is less than 5 x 10^ 
it does not have properties as a polymer and it does not have use value. When 
it exceeds 1 x 10^, it lacks processing capacity. Therefore, it is limited to 
the aforementioned range. Preferably, it should be 1 x 10^ to 
1 X 10*. 

Desirable organic f luoropolymers containing silicon as described above can be, 
for example, substances as indicated by general formula (IIx) below. 



CjFy (OCFiCFiCPj)^ O (CFih^+CH, C 




[Wherein, p is an integer of 1 or greater and Y, X, R', 1, m and n are the 
same as indicated previously.] 

There are no particular limitations on p in the aforementioned general formula 
(IIx) as long as it is an integer of I or greater. However, preferably, ic 
should be 1 to 200. When the number average molecular weight of the organic 
f luoropolymer containing silicon of che second invention is taken xnto 
consideration, it should be l to so. 

The aforementioned organic f luoropolymers containing silicon that can be obtained 
using perf luoropolyethers that are ordinarily sold commercially can be used as 
raw materials by introducing, for example, iodine, into the terminal and by 
reacting a vinyl silane compound as indicated by the following general formula 
[wherein, Y, rS R', 1 and m are che same as indicated previously! with the 
product . 
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In using the aforementioned organic f luoropolymers containing silicon, for 
example, fine powdered fillers such as silica, alumina, titanium oxide, carbon 
and cement, alkoxides of titanium, aluminum and silicon, other low molecular 
weight polytetraf luoroethylenes and fine powders of fluorine resins such as 
tetraf luoroethylene/hexaf luoropropylene copolymers can be added as hardness 
regulators or extenders. In addition, ordinary cross-linking agents can also be 
added for regulation of hardness. 

In order to form the layer of aforementioned orgamic f luoropolymer containing 
silicon, a method can be adopted in which the aforementioned organic 
f luoropolymer containing silicon is applied to the surface of the base material. 
There are no particular limitations on the aforementioned application method, 
and, for example, the method described in the first invention can be used. 

At the time of application, dilution with a solvent facilitates application. 
There are no particular limitations on the solvent, and, for example, the 
solvents described in the first invention can be used. 

There are no particular limitations on the thickness of the layer of organic 
f luoropolymer containing silicon in the stain preventing base material of the 
second invention. However, it is desirable that it be 0.001 to 0.03 /xm. When 
it is less than 0.001 ^m, the stain preventing effect is lacking. When it 
exceeds 0.03 urn, the layer is too thick and impediments during use arise. This 
is not desirable. 

Glass products, resin products, metal products and ceramic products that are 
formed in accordamce with the second invention can be used, for example, for 
parts that are easily stained such as those described below. 

Household electrical articles such as the surfaces of the blades of electric 
fans, of doors of electric ranges and of refrigerators, office articles such as 
the contrast glass of copy machines, mirrors of OHP units, OHP sheets, keyboards, 
telephones and office machines, household articles such as glass, doors of food 
shelves, mirrors, window glass, covers of electric lamps and chandeliers, 
building materials such as show windows, telephone boxes and water tank glass, 
vehicle parts such as vehicle glass and painted surfaces of vehicle bodies, 
personal accessories such as eyeglass frames, glass for underwater eyeglasses, 
goggles, helmets and glass for covering dials of watches, articles of amusement 
such as glass for pachinko machines, playing cards and mahjong pieces and coating 
surfaces o£ furniture and pianos. 

Decorations such as necktie pins, necklaces and earrings, metal or placed 
products such as water faucets, mecal tubular musical instruments, wooden tubular 
musical instruments, golf clubs, Jcor handles, dumbbells, cutting devices, 
ceramic materials such as insulators, hygienic porcelain, food utensils and roof 
tiles, stone materials such as gravestones, checker pieces and marble, paper 
articles such as wallpaper, sliding screen paper, books, posters and photographs 
and leather products such as purses, shoes, suitcases, watch bands and baseball 
gloves . 



We shall now present a detailed description of the third invention. 

The method of surface treatment of the third invention is characterized m that 
a treatment solution containing (1) the organic f luoropolymers containing silicon 
as represented by the aforementioned general formula (Ix), (2) organic solv-jncs 
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containing fluorine and (3) silane compounds as described in the second invention 
is applied to the surface of the base material. 

The first component of the aforementioned treatment solution is the organic 
f luoropolymer containing silicon (1) as indicated by the aforementioned general 
formula (Ix) . In the aforementioned general formula (Ix) , n^ indicates an 
integer of 1 or greater. Although there are no particular limitations, an 
integer of 1 to 10 is preferable for the purpose of achieving the objectives of 
the third invention. 

In the third invention, the aforementioned organic f luoropolymer containing 
silicon may be - present as a mixture of polymers as represented by the 
aforementioned general formula (Ix) . When the aforementioned organic 
f luoropolymers containing silicon are present as mixtures, the aforementioned n, 
can be expressed as an average value in said mixture. When the objectives of the 
third invention are taken into consideration, the average values of n^^ should be 
1.3 to 3, and, preferably, 1.5 to 2.5. 

The number average molecular weight of the aforementioned organic f luoropolymer 
containing silicon should be 5 x 10^ to 1 x 10^. When it is less thcui 5 x 10^ 
the effect of the third. invention is not manifested. When it exceeds 1 x 10^ 
processing capacity is lost. Preferably, it should be 1 x 10^ to 1 x 10*. 

The second component that forms the aforementioned treatment solution that is 
used in the surface treatment method of the third invention is the organic 
solvent containing fluorine (2) . 

There are no particular limitations on the aforementioned organic solvent 
containing fluorine (2). For example, it can be a perf luorohexane, a 
perf luoromethylcyclohexane, perf luoro-1 , 3 -dimethylcyclohexane or HCFC225. Of 
these, HCFC225 is preferable because it easily dissolved the aforementioned 
organic f luoropolymer containing silicon (1) and because it can easily be 
acquired. 

The third component that forms the aforementioned treatment solution that is used 
in the surface treatment method of the third invention is the silane compound 
(3) . 

There are no particular limitations on the aforementioned compound (3) as Long 
as the aforementioned organic f luoropolymers (1) containing silicon are excepted. 
For example, it can be an alkoxide compound of silicon as indicated general 
formula (III) below 

SKOR'')^ (III) 

(wherein, R" indicates an aliphatic hydrocarbon group, with no partir-^ilar 
limitations on the number of carbon atoms) and a partially hydrolyzed 
condensation product of the compounds indicated by general formula (III. . Df 
these, tetraethoxysilane is preferable because it can easily be acquired 

There are no particular limicaticr.s :n rhe component ratios of the jc-p rr.-r.ts 
(1), (2) and (3) which constitute af cren^.ent ioned treatment solutirn 'ziz is 

used in the surface treatment method 2t the third invention. However. is 
desirable that the weight ratio of : i2) be 1 : l - l : 10000. when -r.-re 

is an excess of component (1) , the viscosity of the solution increases, f-r *r.i:h 
reason workability is impaired. v.'r.en there is too little of it, the Jtair.ir.g 
preventing effect is insufficient. F'jrtr.er, the weight ratio of (1) : ■ 3_ --ild 
10 : 1 - 1 : 100. When there is .\n -exress of component (1), the e:f-*:t •n 
increasing weather resistance is ir.suf f ic lent . When there is too little :: iz, 
the staining preventing effect is i.-.3u: f icient . Preferably, it should ce > 1 
- 1 : 10. 

In using the aforementioned nreat^e r.i .solution of the third invent:;.-., far 
example, fine powder additives su-h m silica, alumina, titanium oxide. ircon 
and cement, alkoxides such as citir.i.T: ir.d aluminum^ other low molecular --*:;hc 
polytetraf luoroethylenes and fine r:^iers of fluorine resins such as 
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tetraf luoroethylene/hexafluoropropylene copolymers can be added as hardness 
regulators or extenders, in addition, ordinary cross-linking agents, water and 
hardening catalysts such as hydrochloric acid, sulfuric acid, carboxylic acids 
and sulfonic acids can be added and hardness regulation can be effected. 

In using the aforementioned treatment solution of the third invention, a method 
in which the aforementioned treatment solution is applied to the surface of the 
base material as the target can be used. The aforementioned application method 
can be, for example, brush application, spray coating, spin coating, immersion 
coating, roller coating, gravure coating and curtain flow coating. 

In the surface treatment method of this third invention, there are no particular 
limitations on the thickness of the layer that is formed by the aforementioned 
treatment solution. However, it should be 0.001 - 0.03 /im. When it is less than 
0.001 ^m, the staining preventive action is lost. When it exceeds 0.03 /im, the 
layer becomes too thick and there are impediments to use. This is not desirable. 

In addition to the aforementioned method, the methods described below can be used 
as the surface treatment method of the third invention. 

The treatment solution (M) , which contains the organic f luoropolymer containing 
silicon as indicated by the aforementioned general formula (Ix) and the organic 
solvent containing fluorine (2) is applied to the surface of the base material, 
which forms a foundation layer on the surface using a treatment solution (N) 
containing a silane compound [excepting the organic f luoropolymer containing 
silicon (1) ]. (3) . 

The aforementioned silane compound (3) is used to form the. treatment solution (N) 
of a specified concentration by means of an organic solvent such as methyl 
alcohol, ethyl alcohol, isopropyl alcohol, ethyl acetate or acetone or water. 
Although there are no particular limitations on the concentration, it should be 
in the range of 2 to 80 wt %. When it is less than 2 wt %, a long time is 
required for formation of the silica sol. when it exceeds 80 wt %, the viscosity 
of the solution becomes excessive and workability is lost. This is not 
desirable. 

An ordinary catalyst, for example, hydrochloric acid, is added to the 
aforementioned treatment solution {N) , Che mixture is allowed to stand for a 
specified time and a silica sol is formed, after which it was diluted using the 
aforementioned solvent until a concentration suited to the application operation 
is dissolved. Although there are no particular limitations on standing time, it 
is, for example, 2 to 10 days. The dilution concentration differs dependi.ng on 
the thickness of the foundation layer that is desired. For example, it is m the 
range of 0 . 2 to 2 wt % . 

The diluted treatment solution 'U) is applied to the surface of the base 
material. The application method that can be used includes, for example, brush 
application, spray coating, spin crati.-.g, immersion coating, roller ccacir.g, 
gravure coating and curtain roller zzsizir.q, A gel layer of a silanol pol/Trer is 
formed on the surface of the base racerial by the aforementioned operation. 

Next, a foundation layer of which ^ilu-n ^xide is the principal component: ran 
be formed by heating the aforementioned base material. Although the r.eacmg 
temperature differs depending on t.-^e base r-acerial, it is, for example, in the 
range of 100 to 300<»C. Although there are no particular limitations on .-.eac 
time, it is, for example, in the range zz :0 nmutes to 3 hours. Although there 
are no particular limitations on the tnickness of the foundation layers thac are 
formed, it is ordinarily in the ri.-.ie of 0.G5 to 0.1 m"™. 

Following that, the aforementioned treatr.enc solution (M) is applied to the 
surface of the base material chac forms the foundation layer on the 
aforementioned surface. The method for application can be, for example, brush 
application, spray coating, spin roatmg, immersion coating, roller coating, 
gravure coating and curtain flew ::it:r.g. 
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There are no particular limitations on the thickness of the layer that is formed 
by the aforementioned treatment solution (M) . However, 0.001 to 0.03 /xm is 
desirable* When it is less than 0.001 /im, the staining preventive action is 
lacking. When it exceeds 0.03 /im, the layer is too thick and there are 
impediments to use. This is not desirable. 

The base materials to which the surface treatment method of the third invention 
can be applied can be parts that are easily stained such as those indicated 
below. 

Accessories such as necktie pins, necklaces and earrings, metal or plated 
products such as water faucets, metal tubular musical instruments, wood tubular 
musical instruments, gold clubs, doorknobs, dumbbells and cutting devices, 
ceramic materials such as insulators, hygienic porcelain, food utensils and roof 
tiles, stone materials such as gravestones, checker pieces and marble, paper 
articles such as wallpaper, sliding screen paper, books, posters and photographs 
and leather products such as purses, shoes, suitcases, watch bands and baseball 
gloves . 

Household electrical articles such as the surfaces of the blades of electric 
fans, of doors of electric ranges and of refrigerators, office articles such as 
the contrast glass of copy machines, mirrors of OHP units, OHP sheets, keyboards, 
telephones and office machines, household articles such as glass, doors of food 
shelves, mirrors, window glass, covers of electric lamps and chandeliers, 
building materials such as show windows, telephone boxes and water tank glass, 
vehicle parts such as vehicle glass and painted surfaces of vehicle bodies, 
personal accessories such as eyeglass frames, glass for underwater eyeglasses, 
goggles, helmets and glass for covering dials of watches, articles of amusement 
such as glass for pachinko machines, playing cards and mahjong pieces and coating 
surfaces of furniture and pianos. 

The surface treatment method of the third invention is characterized in that the 
staining preventing action is permanent and in that there is sufficient weather 
resistance. The materials to which the surface treatment method of the third 
invention is applicable include, for example, the various base materials 
indicated below. 

Ceramic materials such as doorknobs and roof tile, stone materials such is 
gravestones, checker pieces and marble, contact glass in copy machines, 
automobile parts such as vehicle glass and coated surfaces of the vehicle cciy, 
articles of amusement such as glass for pachinko machines, playing cards and 
mahjong pieces. 



We shall now present a detailed description of the fourth invention. 

The surface treatment composition of .he fourth invention contains the ciTinic 
fluoropolymer containing silicon 'D i;3 i-epresented by the aforementioned :-r.-?r^L 
formula (Ix) of the second invention, -h- fluorine-containing organic solv-n- :) 
and the orgfiuiic solvent [excepting t.--i : 1 -or ine-containing organic solve.-.t ] 
(4) . 

The first component of the fourth invention is the organic f lucr :c : ly^-r 
containing silicon (1) as represented zy zr.-i aforementioned general formula : .•: • . 
In the aforementioned general for-^-la . n, indicated an integer :f : :!r 

greater. Although there are no parti-'-lar liT.itations on it, an integer : lo 
10 is preferable for the purpose :f ichievmg the objectives of the : .rth 
invention. 

In the fourth invention, the af ore'-encicned organic fluoropolymer Tonti.ning 
silicon (1) may also be present as a --ixture of polymers as representei : 'he 
aforementioned general formula Cx) when it is present as a mixture :f : jtnic 
fluoropolymers containing silicon, tr.e i : : rerr.ent loned n, can be express-* t ij in 
average value in said mixture. when Tne rbjective of the fourth mven: . n is 
taken into consideration, the averije vilue of n, should be L.3 t- 
preferably, 1.5 to 2.5. 
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The number average molecular weight of the aforementioned f luorooolvmer 
containing silicon (l) should be 5 x 10^ to 1 x 10^. When it is less than 5 x 
10|, the effect of the fourth invention is not displayed. When it exceeds 1 x 
10 , processing capacity is lost. Preferably, it should be 1 x lo^ to l x 10*. 

The second component of the surface treatment composition of the fourth invention 
is the fluorine- containing organic solvent (2) . 

There are no particular limitations on the aforementioned fluorine-containing 
organic solvent (2) . For example, it can be any of the substances described in 
the third invention. Of these, HCFC225 is preferable because it readily 
dissolves the aforementioned organic f luoropolymer containing silicon (1) and 
because it can easily be acquired. 

The third component of the surface treatment composition of the fourth invention 
is the organic solvent [excepting the fluorine-containing organic solvent (2)] 
(4). There are no particular limitations on the organic solvent (4), for 
example, it can be an alcohol, a ketone, an ester or an halogenated hydrocarbon 
except for one containing fluorine. Of these, alcohols are preferable. 

There are no particular limitations on the aforementioned alcohols. For example, 
they can be monovalent alcohols with 1 to 8 carbon atoms or polyvalent alcohols 
such as ethylene glycol and glycerol. Of these, monovalent alcohols with 1 to 
4 carbon atoms are preferable and isopropanol is particularly desirable because 
they can easily be acquired and because they are suited to dissolving the 
aforementioned silicon-containing organic f luoropolymers (1). 

Of the components of the surface treatment composition of the fourth invention, 
the fluorine-containing organic solvent (2) and the organic solvent (4) function 
as solvents of the silicon-containing organic f luoropolymer (1) . Of the 
fluorine-containing organic solvent (2) and the organic solvent (4), the 
fluorine-containing organic solvent (2) is the more expensive and the organic 
solvent (4) is generally inexpensive. By making the compounding ratio of the 
organic solvent (4) higher than that of the fluorine-containing organic solvent 
(2), the surface treatment composition of the fourth invention can be prepared 
inexpensively. 

In the surface treatment composition of the fourth composition, the vei^ht 
compounding ratio of the fluorine-containing organic solvent (2) and the organic 
solvent (4), (2) : (4), should be in the range 1 : 99 - 99 : 1. when the ratio 
of the fluorine-containing organic solvent (2) is less than 1 wc \. ihe 
solubility of the fluorine-containing organic fluoropolymer (1) is decreased ar.d 
the composition does not manifest its function as a surface trea:--?nt 
composition. When it exceeds 99 wc i practical cost for the surface tr-aai-enc 
composition of this invention cannot be achieved. Preferably, it should =•» : : 
99 - 50 : 50. 

In using the surface treatment ccr:pcsicion of the fourth invention, for ^x^^c.e, 
fine powder additives such as silica, al-mna, titanium oxide, carbon ar.i •••-r.!:, 
alkoxides such as titanium ir.i ^l-T.mum, other low molecular 
polytetraf luoroethylenes and fi.-.e pcwders of fluorine resins ..r. is 
tetraf luoroethylene/hexaf luoroprrpy r::pol'/mers can be added as nuir.-ss 

regulators or extenders. In addition, criir.ary cross - linking agents, ^i^-^t ir.d 
hardening catalysts such as hydrccr.lcr ic acid, sulfuric acid, carboxyl:: » : . is 
and sulfonic acids can be added ir.i hardness regulation can be effected 

In using the aforementioned treac-er.t j:T.posicion of the fourth inv-*r.'. ; : r. . a 
method in which the aforementioned tr-eairent solution is applied to " r.-? .:: ize 
of the base material as the targec be used. There are no cizz, .'.xr 

limitations on the aforementio.ied ^cpLicacicn method, and, for exar-p.-. tr.e 
methods described for the third i.-.venticn -ay be used. 

In the fourth invention, a mech::i -.ly c-? -^jed in which the silicon i ; :. . r.g 

organic fluoropolymer that has beer, iisaclved zy the solvent is applied z z i ^ ue 
material surface on the surface :: vr.i:r» a f r -.^.dat ion layer has been : : i m 
advance by a treatment solution .-.g a silane compound. 
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There are no particular limitations on the aforementioned silane compound. For 
example, it can be the silane compound (3) that is described in the third 
invention. Of these, tetraethoxysilane is desirable because it can easily be 
acquired. 

The aforementioned silane compound is prepared as a solution of a specified 
concentration by means of an organic solvent such as methyl alcohol, ethyl 
alcohol, isopropyl alcohol, ethyl acetate and acetone or water. Although there 
are no particular limitations on the concentration, it is desirable that it be 
in the range of 2 to 80 wt %. When it is less than 2 wt %, a long time is 
required for the formation of a silica sol. When it exceeds 80 wt %, its 
viscosity is excessively increased and workability is lost. This is not 
desirable. 

An ordinary catalyst, for example, hydrochloric acid is added to the 
aforementioned solution and it is allowed to stand for a specified time to form 
a silica sol, after which it is diluted using the aforementioned solvents until 
it reaches a concentration suited to the application operation. Although, there 
are no particular limitations on standing time, it is, for example, 2 to 10 days. 
Although the dilution concentration differs depending on the desired thickness 
of the foundation layer, it is, for example, in the range of 0.2 to 2 wt %. 

Next, the diluted solution is applied to the surface of the base material. There 
are no particular limitations on the application method. For example, it can be 
one of the methods described for the third invention. A gel layer of silanol 
polymer is formed on the surface of the base material by the aforementioned 
operation. 

Next, a foundation layer of which silicon oxide is the principal component can 
be formed by heating the aforementioned base material. Although the heating 
temperature differs depending on the base material, it is, for example, in the 
range of 100 to 30.0*»C. Although there are no particular limitations on the 
heating time, it is, for example, in the range of 10 minutes to 3 hours. 
Although there are no particular limitations on the thickness of the foundation 
layer that is formed, it is ordinarily in the range of 0.05 to 0.1 m^. 

Following that, the silicon-containi.ig organic f luoropolymer , which has been 
diluted by the aforementioned solvent, is applied to the surface of che base 
material in the surface of which the foundation layer has been formed. There ire 
no particular limitations on che application rr^ethod. For example, one of -he 
methods described for the third invencion can be used. 

Although there are no particular limitations on the thickness of the layer t^.at 
is formed by the surface treatment ccT.position of the fourth invention. :t is 
desirable for it to be 0.001 to 0 :3 ^rn.' When it is less than 0.001 ^-n, tne 
staining preventive effect is lost, when it exceeds 0.03 t^m. the layer bee— es 
too thick and impediments to use ariae. This is not desirable. 

Base materials to which the surface ire a- -en:: method of the fourth invent i:r. ran 
be applied include, for example, z\zi3 that are easily stained as i:'.i;:a:ed 
below. 

Accessories such as necktie pir.3. ::ec:<:aces and earrings, metal zt :j.i-.^d 
products such as water faucets, -et il v-ijular r.usical instruments, weed .r..ar 
musical instruments, gold clubs. :rrr<r.cb3. dumbbells and cutting iev:-3 
ceramic materials such as insuiatcrs. .-vg-.enic porcelain, food utensils ir.i : rof 
tiles, stone materials such as griv-3--r.es, checker pieces and marb.e r 'r-?r 
articles such as wallpaper, sliding jrr--n paper, books, posters and phct: :: .cr.s 
and leather products such as purses, .-.z-is, .suiccases, watch bands and caj-^cail 
gloves . 

Household electrical articles such as the surfaces of the blades of el-riric 
fans, of doors of electric ranges ir.d of refrigerators, office articles .3.-. is 
the contrast glass of copy machines, -^irrtrs of ZH? units, OHP sheets. .-;-yc:i: 
telephones and office machines, hcujehold articles such as glass, doors ;r : :cd 
shelves, mirrors, window glass, -veiJ --f electric lamps and cr.ar.ze . . : 3 . 
building materials such as show w:r. ::w3, -elephone boxes and water tar.< i.iis, 
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vehicle parts such as vehicle glass and painted surfaces of vehicle bodies, 
personal accessories such as eyeglass frames, glass for underwater eyeglasses, 
goggles, helmets and glass for covering dials of watches, articles of amusement 
such as glass for pachinko machines, playing cards and mahjong pieces and coating 
surfaces of furniture and pianos. 

The surface treatment method of the fourth invention is characterized in that the 
staining preventing action is permanent and in that the surface treatment 
composition can easily be prepared. The materials to which the surface treatment 
method of the third invention is applicable include, for example, the various 
base materials indicated below. 

Household articles such as glass, doors of food shelves, mirrors, window glass, 
electric lamp shades and chandeliers, building materials such as show windows, 
telephone boxes and glass for water tanks and automobile parts such as vehicle 
glass and decorative surfaces of vehicle bodies. 



We shall now present a detailed description of the fifth invention. 

The icing preventive agent, which is the fifth invention, contains the silicon- 
containing organic f luoropolymer represented by the aforementioned general 
formula (Ix) described in the second invention. 

In the aforementioned general formula (Ix), n, indicates an integer of 1 or 
greater. Although there are no particular limitations on it, it is desirable 
that it be an integer of 1 to 10 for the purpose of obtaining the objective of 
the fifth invention. 

In the fifth invention, the aforementioned organic f luoropolymer containing 
silicon (1) may also be present as a mixture of polymers as represented by the 
aforementioned general formula (Ix) . when it is present as a mixture of organic 
f luoropolymer s containing silicon, che aforementioned n^ can be expressed as an 
average value in said mixture. when the objective of the fifth invention is 
taken into consideration, the average value of n^ should be 1.3 to 3, and, 
preferably, 1.5 to 2.5. 

The number average molecular weight of the aforementioned f luoropolv-mer 
containing silicon (1) should be 5 x 10^ to 1 x 10*. When it is less than 5 x 
10^ the effect of the fifth invention is not displayed. When it exceeds : x 
10*, processing capacity is lost. Preferably, it should be 1 x 10^ to 1 x 

In using the icing preventive agent of the fifth invention, for example, fine 
powder additives such as silica, alumina, titanium oxide, carbon and rerent, 
alkoxides such as titanium and aluminum, other low molecular weight 
polytetrafluoroethylenes and fine powders of fluorine resins such 
tetraf luoroethylene/hexaf luoropropylene copolymers can be added as r.arir.ess 
regulators or extenders. In addition, ordinary cross-linking agents, wat^r \rA 
hardening catalysts such as hydrochlrric acid, sulfuric acid, carboxylic .iriis 
and sulfonic acids can be added and hardness regulation can be effected. 

In using the icing preventive agent ot the fifth invention, a method in whirh the 
aforementioned treatment solution is applied to the surface of the base ratenal 
as the target can be used. There are no particular limitations :n the 
aforementioned application method, a.-.d, for example, the methods described :or 
the third invention may be used. 

Dilution with a solvent at the ti-e of application facilitates applici:i:n. 
There are no particular limitations cn zhese solvents, and, for example, tr.ey :an 
be perfluorohexane, perf luoromethylcvclcr.exane, perf luoro-1, 3-dimethylcycU.-.-y.a.".e 
and HCFC225. 

In the fifth invention, a methcd :-iv be used in which the silicon ccr.tair.mg 
organic f luoropolymer that has been iusoived by the solvent is applied zd \ -ise 
material surface on the surface of wr.irh a foundation layer has been z:::--^i m 
advance by a treatment solution czr.timir.g a silane compound. 
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There are no particular limitations on che aforementioned silane compound. For 
example, it can be the silane compound (3) that is described in the third 
invention. Of these, tetraethoxysilane is desirable because it can easily be 
acquired. 

The aforementioned silane compound is prepared as a solution of a specified 
concentration by means of an organic solvent such as methyl alcohol, ethyl 
alcohol, isopropyl alcohol, ethyl acetate and acetone or water. Although there 
are no particular limitations on the concentration, it is desirable that it be 
in the range of 2 to 80 wt %. When it is less than 2 wt %, a long time is 
required for the formation of a silica sol. When it exceeds 80 wt %, its 
viscosity is excessively increased and workability is lost. This is not 
desirable. 

An ordinary catalyst, for example, hydrochloric acid is added to the 
aforementioned solution and it is allowed to stand for a specified time to form 
a silica sol, after which it is diluted using the aforementioned solvents until 
it reaches a concentration suited to the application operation. Although there 
are no particular limitations on standing time, it is, for example, 2 to 10 days. 
Although the dilution concentration differs depending on the desired thickness 
of the foundation layer, it is, for example, in the range of 0.2 to 2 wt %. 

Next, the diluted solution is applied to the surface of the base material. There 
are no particular limitations on the application method. For example, it can be 
one of the methods described for the third invention. A gel layer of silanol 
polymer is formed on the surface of the base material by the aforementioned 
operation. 

Next, a foundation layer of which silicon oxide is the principal component can 
be formed by heating the aforementioned base material. Although the heating 
temperature differs depending on the base material, it is, for example, in the 
range of 100 to 300<*C. Although there are no particular limitations on the 
heating time, it is, for example, in the range of 10 minutes to 3 hours. 
Although there are no particular limitations on the thickness of the foundation 
layer that is formed, it is ordinarily in the range of 0.05 to 0.1 ij,m. 

Following that, the silicon-containing organic f luoropolymer, which has been 
diluted by the aforementioned solvent, is applied to the surface of the base 
material in the surface of which the foundation layer has been formed. There are 
no particular limitations on the application method. For example, one of t.^e 
methods described for the third invention can be used. 

Although there are no particular limitations on the thickness of the layer that 
is formed by the icing preventive agent of the fifth invention, it is desirable 
for it to be 0.001 to 0.03 ^m. when it is less than 0.001 ^m, the icir.g 
preventive effect is lost, when it exceeds 0.03 ^m, the layer becomes too ::hick 
and impediments to use arise. This is not desirable. 

There are no particular limitations cn ihe base materials to which the icmg 
preventive agent of the fifth invention ran be applied. For example, they ran 
include vehicles such as automobiles ar.d trains, moving objects such as aircraft 
and ships, base materials that are uj-d m building material for houses, special 
facilities such as freezing test ecrj.pr-ent and household electrical articles such 
as refrigerators. Of these, it is part i ru Larly important as windshield glass for 
vehicles, aircraft and ships because of the dangers that arise due to ici.-.g. 



we shall now present a detailed description of the sixth invention. 

The water repellent glass which is the sixth invention consists of a layer rf th( 
silicon-containing f luoropolymer as represented by the aforementioned jer.era 
formula (Ix) as described in the second invention formed on the surface of 7 -ass 

In the aforementioned general :cv~ul i Ix. . indicates an integer : f : c 
greater. Although there are no part.ru.ar limitations on it, it is desirio.e 
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that it be an integer of 1 to 10 for the purpose of obtaining the objective of 
the fifth invention. 

In the sixth invention, the aforementioned organic f luoropolyraer containing 
silicon (1) may also be present as a mixture of polymers as represented by the 
aforementioned general formula (Ix) . When it is present as a mixture of organic 
f luoropolymers containing silicon, the aforementioned n^ can be expressed as an 
average value in said mixture. when the objective of the sixth invention is 
taken into consideration, the average value of n^ should be 1.3 to 3, and, 
preferably, 1.5 to 2.5. 

The number average molecular weight of the aforementioned f luoropolymer 
containing silicon (1) should be 5 x 10^ to 1 x 10^ When it is less than 5 x 
10^ the effect of the sixth invention is not displayed. When it exceeds 1 x 
10*, processing capacity is lost. Preferably, it should be 1 x 10^ to 1 x 10*. 

In using the aforementioned silicon-containing organic f luoropolymer, for 
example, fine powder additives such as silica, alumina, titanium oxide, carbon 
and cement, alkoxides such as titanium and aluminum, other low molecular weight 
polytetraf luoroethylenes and fine powders of fluorine resins such as 
tetraf luoroethylene/hexaf luoropropylene copolymers can be added as hardness 
regulators or extenders. In addition, ordinary cross-linking agents, water and 
hardening catalysts such as hydrochloric acid, sulfuric acid, carboxylic acids 
and sulfonic acids can be added and hardness regulation can be effected. 

The method for applying the aforementioned silicon-containing organic 
f luoropolymer to the surface of glass can be used to form the layer of the 
aforementioned silicon-containing organic f luoropolymer . There are no particular 
limitations on the aforementioned application method. For example, the 
substances described for the third invention can be used. 

Dilution with a solvent at the time of application facilitates application. 
There are no particular limitations on these solvents, and, for example, those 
described in the third invention can be used. 

In the sixth invention, a method may be used in which the silicon containing 
organic f luoropolymer that has been dissolved by the solvent is applied to a base 
material surface on the surface of which a foundation layer has been forr.ed in 
advance by a treatment solution containing a silane compound. 

There are no particular limitations cn the aforementioned silane compound, .-or 
example, it can be the silane compound (3) that is described in the third 
invention. Of these, tetraethoxysilane is desirable because it can easily ce 
acquired. 

The aforementioned silane compound is prepared as a solution of a specified 
concentration by means of an organic solvent such as methyl alcohol, -i.'^yl 
alcohol, isopropyl alcohol, ethyl ac-2Cace and acetone or water. Although -.-.-ire 
are no particular limitations cn the ::r.centration, it is desirable that it be 
in the range of 2 to 80 wt %. when it is Less than 2 wt %, a Icr.g t:--* is 
required for the formation of a silua jcL. When it exceeds 30 ^ :-s 
viscosity is excessively increased ir.i, workability is lost. T.his .j .:t 
desirable. 

An ordinary catalyst, for exa:-p:-e. drochloric acid is added -.z 'he 
aforementioned solution and it is illzwei to stand for a specified tir.e to : :rm 
a silica sol, after which it is iil-t-i -si.-.g the aforementioned solvents .r.-il 
it reaches a concentration suited to me \cpii;:ation operation. Aithou-j.". ^:-.?re 
are no particular limitations on standing -i.T.e. it is, for example, 2 to ti.s. 
Although the dilution concentration iiff-ers depending on the desired thi.-.r.-ss 
of the foundation layer, it is, for ^.xar.ple. m the range of 0.2 co : -t ^ 

Next, the diluted solution is applied to the surface of the base macerul. :: -re 
are no particular limitations on tne icp ligation method. For example, i" m he 
one of the methods described for th- -nird i.'-.vention. A gel layer /i.inol 
polymer is formed on the surface -he base material by the afor-r---.- r.ed 
operation. 
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Next, a foundation layer of which silicon oxide is the principal component can 
be formed by heating the aforementioned base material. Although the heating 
temperature differs depending on the base material, it is, for example, in the 
range of 100 to 300®C. Although there are no particular limitations on the 
heating time, it is, for example, in the range of 10 minutes to 3 hours. 
Although there are no particular limitations on the thickness of the foundation 
layer that is formed, it is ordinarily in the range of 0.05 to 0.1 /im. 

Following that, the silicon-containing organic f luoropolymer , which has been 
diluted by the aforementioned solvent, is applied to the surface of the base 
material in the surface of which the foundation layer has been formed. There are 
no particular limitations on the application method. For example, one of the 
methods described for the third invention can be used. 

Although there are no particular limitations on the thickness of the silicon- 
containing organic f luoropolymer layer on the water repellent glass which is the 
sixth invention, it is desirable for it to be 0.001 to 0.03 /xm. When it is less 
than 0.001 /xm, the water repellent effect is lost. When it exceeds 0.03 fim, the 
layer becomes too thick and impediments to usie arise. This is not desirable. 



Optimum Mode for Executing the Invention 

We shall now present a more detailed description of this invention by presenting 
examples and comparative examples. However, this invention is not limited by 
these examples. 

Example of Synthesis 1 

2617 g (10.3 mol) of iodine, 213.2 g (1.54 mol) of potassium carbonate and 
9000 g of hexachloro-1, 3 -butadiene were introduced into a 2.0 liter four-Pieck 
flask equipped with a stirrer, a dropping funnel, a reflux condenser and a 
thermometer and 4000 g (1.03 mol) of u- f luoropolyperf luorooxetane acyl fluoride 
(average molecular weight, 3 900) as represented by the chemical formula 
F- (CFjCFjCFjO) n-CFjCFjCOF was added dropwise at a rate of 10 mL/minute in a 
nitrogen gas flow as the temperature of the system was being maintained at 16:^C. 

After the dropwise addition was completed, the reaction temperature was raised 
to 185«C and a reaction was carried out for 20 hours. 

After the reaction was completed, the system was cooled, after which the 
potassium salt was separated by filtration and the bottom layer was collected 
from the liquid phase, which was separated into two layers, using a separating 
funnel. It was washed several times using acetone, after which it was dissolved 
in 1 liter of perf luorohexane and the fine insoluble matter was separate 1 by 
filtration with a glass filter. 3990 g (yield, 95%) of cj-f luorcpol'.rer- 
f luorooxetane iodine compound as represented by the chemical formula 
F- (CFjCFjCFjO^-CFjCF^I was obtained by cctr^pletely removing the volatile -itter 
under decreased pressure from the scl-ticn obtained. 

From the infrared absorption spectrin, it can ce seen that absorption zt - : . ? 
at 1890 cm'^ was completely lost and that there was a new absorption band =" r 

at 910 cm'^ 

Example of Synthesis 2 

A substance comprised of 40 g of the j- f lucrcpolyperf luorooxetane iodine rt-cr-nd 
as represented by the chemical forrrula r- CF.CF ^CFjO) n-CFjCF,I that was syr.tn- -.jed 
in Example of Synthesis 1 dissolved m ^0 g of hexaf luorotetrachlcrrc-.: ^r.e 
(Daiflon [phonetic]* Sorbent S-316 -^^nu f actured by Daikin Kogyo Company i;;d 
of 1,5 g (1 x 10'^ mol) of di-t-butyl peroxide was introduced into a ::o -"1 : .r- 
neck flask equipped with a stirrer, a drcppmg funnel, a reflux condenser ir. i a 
thermometer and the atmosphere m tr.e ovscem was completely replaced by n . : i-r., 
after which 16.1 g (0.10 mol) of v:.-.yL t r i chlorosilane was added ircpw:;e cy 
means of a dropping funnel in a nitr:7^n ;as flew. After the dropwise ai:;-: :n 



♦Translator's noce: Transliterated pncr.-— - 1 : ly :r.e Japanese. As such, tr.e : " »/ 

difer from ott'.er c r ir.i : . :-r i": i-r.s . 
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was compleced, 38.7 g (yield, 90%) of silicon-containing organic f luoropolymer 
(A) having iodine in the terminal was obtained by completely removing the 
volatile matter under reduced pressure. 

Example o£ Synthesis 3 

A substance consisting of 34.4 g (8 x 10"^ mol) of the silicon-containing organic 
f luoropolymer (A) that was synthesized in Examples of Synthesis 2 dissolved in 
50 g of perf luorohexane was introduced into a 200 ml four-neck flask equipped 
with a stirrer, a dropping funnel, a reflux condenser and a thermometer and 
2.1 g (3.2 X 10'^ mol) was dispersed by forceful stirring. The system was cooled 
in an ice water bath and 10 g of anhydrous methanol was added dropwise in a 
nitrogen gas flow. 

After the dropwise addition was completed, the ice water bath was removed and a 
reaction was carried out for 2 hours under heating and reflux. After the 
reaction was completed, the insoluble matter was separated by filtration and the 
bottom layer was collected using a separating funnel from the liquid phase, which 
had separated into two layers. The solution that was obtained, was washed 3 times 
using anhydrous methanol, after which 31.6 g (yield, 92%) of silicon-containing 
organic f luoropolymer (B) was obtained by completely removing the volatile matter 
under reduced pressure. 

A broad absorbing moiety originating from the hydrogen atoms in the formula 
indicated below was manifested at 1.2 to 3,0 ppm by ^H-NMR. 5.0 mol % of 
cj-f luoroperf luorooxetane hydride was added as an internal standard and the degree 
of polymerization was calculated by the equation indicated below. It was found 
to be 2.0. 



Si-(0CH3)j 
-f-CHaqi H 



I/IS [0.95 (3P + 1) ] / 0.05 

I integrated absorption intensity of 1.2 to 3.0 ppm 

Is integrated absorption intensity of the internal standard 

P degree of polymerization 

Example of Synthesis 4 

when synthesis was performed in ch-e came way as in Example of Synthesis 2 -:<j":-c 
that 0.29 g (2 X 10"^ mol) of ii-c-c:ucyl peroxide was used, the siliJ.n- 
containing organic f luoropolymer .C) was obtained. 

Example of Synthesis 5 

Synthesis was performed in the sar-e - iv m Example of Synthesis 3 except -r-tt 
the silicon-containing organic :1 . : - l • ..-^-er C) was used as the raw --ac-r. i. 
When the degree of polymerizat ic.-i -.r.-i j i L icon-containing f luorcpolv--?r 
that was obtained was calculated • r.e :aT.e way as in Example of S/r.c.''.es;j . 
it was 1.0. 

Example 1 and Comparative Example:* i and C 

Treatment solutions were prepared :^;-pr'. ^ei zt 0.1 wc % per f luorohexane ^i^: 3 
of the substances obtained in E:<a:-p.ej ovncr.esis 3 and 5 and ccmmercia../ . .i 
silica coupling agent concair.::w r.-cnne K3M7803 [C,Fj,CHjCH.S i ^ "A 
manufactured by the Shin-Etsu Chemi:a* r:^pjny! (hereafter referred to ai^p*/ is 
"commercial product"). A glass place, •^r.izh served as the base macer;^.. -.3 
washed with water before use, aft-;r -::;--h ;t ^.\3 washed thoroughly wizh - L 
and acetone. The glass place, vr;i :. i : '^t^r. prepared in this way. was i 
for 10 seconds in the treatment zz:^z^zri ir.d was air-dried for 60 mir.uc-;3 »:v-r 
it was removed. Next, it was jui:;- rt-ri " ulrrasonic washing for 5 -^ir.-- ..i 
perf luorohexane, the excess treaf-r.t jq-enc -molecules .were removed ar.J ; i ^ 
air-dried. Determinations were T.aJe of. che product. 
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The evaluations were performed by the following standards. 

(1) Thun±)print attachment characteristics were evaluated by applying 
thumbprints to the test material and assessing ease of attachment by 
visual observation. 

O: Few thumbprints were attached and attached thumbprints were not 
conspicuous 

X: Same degree of attachment of thumbprints as on an untreated glass 

plate 

A : Hard to determine either of the above 

(2) Thumbprint wiping off characteristics were evaluated by wiping the surface 
of the test material used for evaluation of thumbprint attachment 
characteristics back and forth with Kim wipe (manufactured by Jujo 
Kimberly Company) and by assessing the ease with which the fingerprints 
were wiped off by visual observation. 

O: Fingerprints could be completely wiped off 

a: Wipe-off traces of fingerprints remained 

X: There were widespread wipe-off traces of fingerprints and they were 
difficult to remove 

(3) Determination of the angle of contact with water was determined using an 
angle of contact meter (Model CA-DT, manufactured by the Kyowa Kaimen 
Kagaku Kikai [Kyowa Interface Scientific Machines] Company) . 

The results of the evaluations are shown in Table 1. 



Table 1 





Evaluated sample 


Fingerprint 

attachment 
characteristics 


Fingerprint 
wiping off 
characteristics 


Angle of contjct 
with water 


Example I 


Example of 
Synthesis 3 


0 


0 


113» 


Comparative 
Example 1 


Example o£ 
Synthesis 5 




o 


113» 


Comparative 
Example 2 


Commercial 
product 




X 


111* 



Example 2 and Comparative Example 3 



Treatment solutions were prepared ccrrprised of 0.1 wt % perf luorohexane solutions 
of the substance obtained in Example of Synthesis 3 and of the ccrr.remal 
product. An aluminum plate that served as the based material [a 0.5 mm pla-::;gl 
as stipulated in JIS H4000 (A1050P) was washed with water before use, after -r. 
it was washed thoroughly using methanol and acetone. The aluminum plate cr.at r.ad 
been prepared in this way was dipped for 10 seconds in the treatment solution md 
was air-dried for 60 minutes after it r.ad been removed. Next, it was subverted 
to ultrasonic washing for 5 minutes m perf luorohexane, the excess treac-ent 
molecules were removed and the place was air-dried for use in determinat ic.'-.s . 
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Comparative Example 4 

A separate untreated aluminum plate was prepared. 
The evaluations were made by the following standards. 

The surface of the test material and a Kim Wipe (manufactured by Jujo Kimberly 
Company) were held in the hands and the surface was wiped back and forth 
repeatedly 100 times with a force of medium strength. Determinations were made 
of the angle of contact with the water before the wiping operation and of the 
angle of contact with the water after the wiping operation. The determinations 
of angle of contact with water were made using an angle of contact meter (Model 
CA-DT, manufactured by the Kyowa Kaimen Kagaku Kikai Company) . 

Table 2 shows the results of these evaluations. 



[Table 2] 





Evaluated sample 


Angle of contact 
with water before 
the procedure 


Angle of contact with 
water after the 
procedure 


Example 2 


Example of Synthesis 3 


114<» 


108* 


Comparative Example 3 


Commercial product 


111" 




Comparative Example 4 


Untreated plate 


88« 





Example 3 



99.8 wt % of HCFC225 and 0 . 1 wt * tetraethoxysilane were mixed with 0.1 wt * of 
the silicon-containing f luoropolymer (B) obtained in Example of Synthesis 3, with 
a treatment solution being prepared. 

A glass plate was washed with water before use, after which it was washed 
thoroughly using methanol and acetone. The glass plate that had been prepared 
in this way was dipped for 1 minute in the treatment solution, and, after 
removal, was allowed to stand for 60 minutes at 60**C and 80% RH, Next, it was 
washed thoroughly with HCFC225 and the excess treatment solution molecules were 
removed. 

The test specimen that was made in this way was subjected to an accelerated 
weather resistance test with an Ai Super IT/ tester (SUV-W13, manufactured by 
Iwasaki Denki Company) and the angles of contact with water before and after the 
test were compared. The angle of contact with water was determined using an 
angle of contact meter (Model; CA-OT. -manufactured by the Kyowa Kaimen Kagaku 
Kikai Company) . The results are shown in Table 3. 

Comparative Example 5 

A treatment solution was prepared in the same way as in Example 3 except 
that the treatment solution was prepared cy mixing 99.9 wt % of HCFC225 wLth 3.1 
wt % of the silicon-containing orga.-^ic : luorcpolymer (B) obtained in Example of 
Synthesis 3 and similar tests were perforr^ed. 



Table 3 





kr.jle of concace wich wacer 


^-f 01* -.^ac 


ACcer cesc 


Example 3 


114 » 


109» 


Comparacive Example 5 


' * • "* 
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Example 4 

A surface treatment composition was obtained by mixing 0.1 wt % of the silicon- 
containing organic f luoropolymer (B) with 99.9 wt % of mixed solvent comprised 
of 10 wt % of HCFC225 and 90 wt % of isopropanol. 

A glass plate was washed with water before use, after which it was washed 
thoroughly using methanol and acetone « The glass plate that had been prepared 
in this way was dipped for 1 minute in the aforementioned surface treatment 
composition, and, after removal, was allowed to stand for 24 hours at 60°C and 
90% RH. Next, it was washed thoroughly with HCFC225 and the excess surface 
treatment composition molecules were removed. 

Comparative Example 6 

A treatment solution was prepared in the same way as in Example 4 except that the 
surface treatment composition was prepared by mixing 99.9 wt % of HCFC225 with 
0.1 wt % of the silicon-containing organic f luoropolymer (B) and similar tests 
were performed. The results are shown in Table 4. 

Table 4 



Test sample 


Angle of contact with water 


Example 4 


113' 


Comparative Example 6 


113» 



Comparative Example 7 

An attempt was made to prepare a surface treatment composition by mixing 
0.1 wt % of the silicon-containing organic f luoropolymer (B) with 99.9 wt % of 
isopropanol. However, the two substances did not mix and a surface treacxent 
composition could not be obtained. 

Example 5 

A treatment solution was prepared comprised an 0 , 1 wt % perf luorohexane solution 
of the substance obtained in Example of Synthesis 3. A glass plate was washed 
with water before use, after which it was thoroughly washed using methanol and 
acetone. The glass plate that had been prepared in this way was dipped for lO 
seconds in the treatment solution, and, after it was removed, it was air- ined 
for 6 0 minutes. Next, it was subjected to ultrasonic washing for 5 minutes in 
perf luorohexane, the excess treatment agent molecules were removed and it was 
air-dried. 

The treated glass plate was allowed to stand on dry ice in an atmosphere \z 
and 70% RH, with icing of a thickness of approximately 0.2 mm being prcdur-ei. 

The glass plate surface that had under Tcr.e icing was wiped gently bacJc ini : .rth 
several times using a spatula T.ade :t polyethylene and the icmg pr-y-r.-. i 
effect was evaluated based on removal the icing. The standards of eval-aiica 
were as follows. 

O: The icing could easily be wiped tff i:id the entire surface of the 7! ijs 
could be exposed 

a: The glass surface could be exposed tut icing remained in places 
X: The glass surface was not expcsed 
The results are shown in Table 5 . 
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Comparative Example 8 

A treatment solution was prepared comprised an 0.1 wt % perf luorohexane solution 
of the commercial product. A glass plate was washed with water before use, after 
which it was thoroughly washed using methanol and acetone. The glass plate that 
had been prepared in this way was dipped for 10 seconds in the treatment 
solution, and, after it was removed, it was air-dried for 60 minutes. Next, it 
was subjected to ultrasonic washing for 5 minutes in perf luorohexane, the excess 
treatment agent molecules were removed and it was air-dried. 

The treated glass plate was allowed to stand on dry ice in an atmosphere at 20^C 
and 70% RH, with icing of a thickness of approximately 0.2 mm being produced. 

Evaluations of icing preventive effect were performed in the same way as in 
Example 5. The results are shown in Table 5. 

Comparative Example 9 

A glass plate that had been washed with water before use and that after that had 
been thoroughly washed using methanol and acetone was allowed to stand on dry ice 
in an atmosphere at 20«C and 70%. RH, with icing of approximately 0.2 mm in 
thickness being produced. 

Evaluation of the icing preventive effect was performed in the same way as in 
Example 5 . The results are shown in Table 5 . 



Table 5 





Evaluated test sample 


Evaluation 


Example 5 


Example of Synthesis 3 


0 


Comparative Example 8 


Commercial product 




Comparative Example 9 




X 



Example 6 and Comparative Example 10 



Treatment solutions were prepared of 0 . 1 wt % perf luorohexane solutions of rhe 
substance obtained in Example of Synthesis 3 and of the commercial product. A 
glass plate was washed with water before use, after which it was thoroughly 
washed using methanol and acetone. The glass plate that had been prepared m 
this way was dipped for 10 seconds into the treatment solution. After it was 
removed, it was air-dried for 60 minutes. Next, it was s\ibjected to ultrascr.ic 
washing for 5 minutes in perf luorohexane , the excess treatment agent --cle rules 
were removed and it was air-dried and used for decerminaciona. 

The angle of contact with water and the water droplet falling angle --^re 
determined using an angle of contact rr.eter Model CA-DT manufactured by t.^.e :wa 
Kaimen Kagaku Kikai Company) . 

Peeling strength was determined usir.g rcrrercial cellophane tape (18 T.m ir. ::r.; 
manufactured by Sekisui Chemical Ir.iustrial Company) ac a peeling speed :i 
SO mm/ second. 



Table 6 





Evaluated 
Sample 


A:Mle zt 
r-.'itact with 
water 


Water droplet 
falling angle 


Peel i.-.g 
strer.gt n 


Examples 6 


Example of 
Synthesis 3 




14* 


i: 3 : 


Comparative 
Example 10 


Commercial 
product 




30* 


: 1 ) J 
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Possibility of Industrial Use 

Because the fluorine -containing polymer which is the first invention is of the 
structure described above, it has extremely good staining preventing capacity 
against fingerprints and angle of contact with water and can be applied to a wide 
range of fields such as optical lenses, eyeglass lenses, glass, metals, ceramics 
and organic materials. 

Because the staining preventive base material which is the second invention is 
of the structure described above, it has extremely good staining preventing 
capacity against fingerprints and can be used for such base materials as glass, 
resins, metals, ceramics, wood, porcelain, stone and leather. 

Because the surface treatment method which is the third invention is of the 
structure described above, it has a sufficient staining preventive action, its 
action is permanent, it also has sufficient weather resistance and can be used 
suitably as a base material when a staining preventive action is recjuired under 
harsh conditions such as outdoor exposure. 

Because the surface treatment composition which is the fourth invention is of the 
structure described above, it has a sufficient staining preventive action, its 
action is permanent, it also has sufficient weather resistance and can be 
obtained inexpensively, for which reason it is widely used. 

Because the icing preventive agent which is the fifth invention is of the 
structure described above, it can effectively prevent attachment of ice and can 
remove ice extremely easily once it has become attached. 

Because the water repellent glass which is the sixth invention is of the 
structure described above, it is of superior durability, surface lubricity and 
surface nonadhesiveness and also has sufficient water repellency, for which 
reason it can be used suitable as windshield glass for buildings, vehicles, ships 
and aircraft. 

Claims 

1. A silicon-containing organic f luoropolymer characterized in that it is 
represented by general formula (I) : 



R£ — (OCFjCyaPFa),— / OCFCFjW (OCF,).— • 

\ CF, 



.(0CFaCF,)4 — 0^ — (CPj), f°*^^\ 

Z I (CH,), 

Si— (R»).i 
(I) \ (1*)*- 



[wherein. Rf indicates a perf luotrcallcyl jroup. 2 indicates fluorine -r a 
trifluoromethyl group, a, b, c, d. .r.i e. i.-.iependently. indicate 0 or in .r.-.-ier 
of 1 or greater, a + b^-c*l--?.^»= -east I or greater, che :r ifr 
repeating units parenthesized wi:n j.bscripts a. b, c. d and e is not .i-;tfa in 
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the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine, indicates a hydroxyl group or a 
hydrolyzable substituted group, indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n indicates an integer of 2 or 
greater] and in that its number average molecular weight is 5 x 10^ to 1 x 10^ 

2. A mixture of silicon-containing organic f luoropolymers characterized in that 
it is represented by general formula (la) : 




[wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine or a 
trifluoromethyl group, a, b, c, a, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + ci-d + eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine, indicates a hydroxyl group or a 
hydrolyzable substituted group, indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2 and m indicates 1, 2 or 3] in that it is a silicon-containing 
organic f luoropolymer of which the number average molecular weight is 5 x 10^ to 
1 X lOS in that it is a mixture of substances in which g is 0 or an integer of 
1 or greater and in which the average value of the aforementioned g exceeds i. 

3. A silicon- containing organic f luoropolymer as described in Claim 1 
characterized in that the silicon-containing f luoropolymer is represented by 
general formula (II) 



CjFy (OCFaCPaPP,)^ — q— (CPj)j-f CH,— C- 

SI— (R»), 
(D) \ (RJh.. 
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(wherein, p indicates an integer of 1 or greater, Y indicates hydrogen or an 
alkyl group with 1 to 4 carbon atoms, X indicates hydrogen, bromine or iodine, 
indicates a hydroxyl group or a hydrolyzable substituted group, indicates 
a monovalent hydrocarbon group, 1 indicates 0, 1 or 2, m indicates 1, 2 or 3 and 
n indicates an integer of 2 or greater] and in that its number average molecular 
weight is 5 x 10^ to 1 x 10*. 

4. A mixture of silicon-containing organic f luoropolymers characterized in that 
it is represented by general formula (Ila) : 



C3F7 (OCFaCFiCF:)^ — 0 — (CFzh-f — c 



(n*) 




(wherein, p indicates an integer of 1 or greater, Y indicates hydrogen or an 
alkyl group with 1 to 4 carbon atoms, X indicates hydrogen, bromine or iodine, 
R^ indicates a hydroxyl group or a hydrolyzable substituted group, R^ indicates 
a monovalent hydrocarbon group, L indicates 0, L or 2, and m indicates 1, 2 or 
3) , in that it is a silicon-containing organic f luoropolymer of which the number 
average molecular weight is 5 x 10- co L x 10\ in that it is a mixture of 
substances in which g is 0 or an integer of L or greater and in which the average 
value of the aforementioned g exceeds 1 . 
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5. A method for the manufacture of silicon-containing organic f luoropolymers as 
described in Claim l characterized in that a vinyl silane compound as indicated 
by the general formula 



[wherein, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, 
indicates a hydroxyl group or a hydrolyzable substituted group, indicates a 
monovalent hydrocarbon group, 1 indicates 0, 1 or 2, and m indicates 1, 2 or 3] 
is reacted with an organic f luoropolymer into the terminal of which iodine has 
been introduced as indicated by the general formula 



[wherein, Rf indicates a per f luorca l/cy 1 -^roup, 2 indicates fl^^or.r.e 
crif luoromethyl group, a, b, c, d. ini ir.dependently, indicate 0 or ar* ...v 
of 1 or greater, a-i-b + c + d-i-e ;j \z l-easc 1 or greater, the order : 





z 
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repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula] . 



6. A method for the manufacture of a mixture of silicon-containing organic 
f luoropolymers as described in Claim 2 characterized in that a vinyl silane 
compound as indicated by the general formula 



T 



(^1 



[wherein, Y indicates hydrogen or an alkyl group with 1 to 4 carbon acc^s. 
indicates a hydroxyl group or a hydrolyzabLe substituted group, indicates a 
monovalent hydrocarbon group, 1 indicates 0, L or. 2, and m indicates 1, : ^r ]] 
is reacted with an organic f luoropoLymer into the terminal of which icdme .^.as 
been introduced as indicated by the general formula 



► — (ocyaCFj)^ — OOF — 1 

z 
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[wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine or 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c + d + eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula] . 



7. A staining preventive base material characterized in that it forms a layer 
of silicon organic f luoropolymer that is represented by general formula (Ix) 
below and that has a number average molecular weight of 5 x 10^ to 1 x 10* on the 
surface of the base material. 




[Wherein, Rf indicates a pert L : : : i . < / 1 /:--p. 2 indicates fluor;r.- r a 
trifluoromethyl group, a, b, c. d. : r.i-ecendently, indicate 0 cr in 

of 1 or greater, a + b ^- c ^ i - . : i:: l-e^sc L or greater, the : t-: *: 
repeating units parenthesized winh ;.cjrr:pc3 ^. b, c, d and e is not •."I'-rl m 
the formula, Y indicates hydrogen -r m \'.<yl iroup with 1 to 4 carbon i- -i .< 
indicates hydrogen, bromine or :j::r.e. -ndicaces a hydroxyl ^r:.p .r i 

hydroly'zable substituted group, ?/ .r.ii^i::'?3 a monovalent hydrocarbon .w. . 
indicates 0, 1 or 2, m indicates : :r ) mi n, indicates an inc^j-ir : . :r 
greater. ] 
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8. A surface treatment method characterized in that a treatment solution 
containing the silicon-containing f luoropolymer (i) as indicated by general 
formula (Ix) below, a fluorine containing solvent (2) and a silane compound 
[excepting the aforementioned silicon-containing f luoropolymer (1)] (3). 



Rf — .(OCFjCFjPFj^— / OjTCF2\— (OCPj).— • 

\ CFj 



• — (OCFiCF:)^ — OCF — W, 

z 



(b) 




[Wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine or a 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c-t-d-i-eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine, indicates a hydroxyl group or a 
hydrolyzable substituted group, R^ indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n„ indicates an integer of 1 or 
greater.] is applied to the surface of the base material. 

9. A surface treatment method characterized in that a treatment solution (N) 
that contains the silane compound [excepting the silicon-containing f luoropolymer 
(1) as indicated by general formula (Ix) below] (3) is applied to the surface of 
the base material to form a foundation layer, after which the treatment solution 
(M) which contains the aforementioned silicon-containing organic f luoropolymer 
(1) and the fluorine-containing organic solvent (2) ia applied co the 
aforementioned foundation layer. 



Rf — (OCFjCFjPF;),— / OjOT,\— (OCF,),— . 
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[Wherein, Rf indicates a perf luoroalkyl group, 2 indicates fluorine or a 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c + d + eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula, Y indicates hydrogen or an alkyl group with l to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine, indicates a hydroxyl group or a 
hydrolyzable substituted group, R^ indicates a monovalent hydrocarbon group; 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n^ indicates an integer of 1 or 
greater.] 

10. A surface treatment composition characterized in that it contains the 
silicon-containing organic f luoropolymer (1) as indicated by general formula (ix) 
below, the fluorine- containing organic solvent (2) and the organic solvent 
(excepting the fluorine-containing organic solvent (2)] (4). 



(Wherein, Rf indicates a perf luoroalkyl group, 2 indicates fluorine or a 
trifluoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c + d>eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms. X 
indicates hydrogen, bromine or iodine, R^ indicates a hydroxyl group or a 
hydrolyzable substituted group, R* indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n, indicates an integer of 1 or 
greater.] 

11. A surface treatment composition as described in Claim 10 in which the 
organic solvent is an alcohol (excepting the fluorine -containing organic solvent 
(2)] (4). 

12. An icing preventive agent characterized in that it contains the silicon- 
containing organic f luoropolymer indicated by general formula (Ix) below. 
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[Wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine or a 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c + d^-eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine, indicates a hydroxyl group or a 
hydrolyzable substituted group, indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and rij^ indicates an integer of 1 or 
greater.] 

13. Water repellent glass characterized in that a layer of silicon-containing 
organic f luoropolymer as indicated by general formula (Ix) below is formed on the 
surface of glass. 



[Wherein, Rf indicates a perf luoroalkyl group, Z indicates fluorine or a 
trif luoromethyl group, a, b, c, d, and e, independently, indicate 0 or an integer 
of 1 or greater, a + b + c + d>eisat least 1 or greater, the order of 
repeating units parenthesized with subscripts a, b, c, d and e is not limited in 
the formula, Y indicates hydrogen or an alkyl group with 1 to 4 carbon atoms, X 
indicates hydrogen, bromine or iodine. R^ indicates a hydroxyl group or a 
hydrolyzable substituted group, R* indicates a monovalent hydrocarbon group, 1 
indicates 0, 1 or 2, m indicates 1, 2 or 3 and n, indicates an integer of 1 or 
greater.] 




0 — (OCFsCFs^t — OCF — (CFzU 



(b) 




14. Water repellent glass as described in Claim 13 in which the water repellent 
glass is used in vehicles. 



